Abstract
3
The three-dimensional (3-D) measurement of the jaw and teeth is an important task 1 for the computerized vision systems. The stereo vision has become more popular in 2 many different areas because of the latest development in three-dimensional technology 3 and also vision sensors ensure rich information in comparison with other sensor types 4 [6, 7] . Recent advances in computer vision make it possible to acquire high-resolution 5 3-D models of scenes and objects [8] . The advantage of 3-D model construction from 6 two-dimensional (2-D) images is that it does not require specialized equipment; only a 7 simple digital camera can fulfill the requirement. Specialized equipment like laser 8 scanners can lead to a very accurate construction of 3-D models. However, this 9 equipment is generally very expensive, and it may not be safe using in applications like 10 human body modeling [9] . The traditional methods of preoperative preparation are 11 based on the lateral and the frontal radiographic images and computer-based 12 tomography devices [10] [11] [12] . Nevertheless, these devices have some significant 13 disadvantages such as radiation, high cost, impracticality and low precision level.
14 Therefore, numerous approaches presented in the literature in order to mitigate side 15 effects of using such devices [13] .
16
In this paper, a novel method is developed with 3-D image-guided surgery 
4
The rest of paper starts with introducing stereo processing in Section 2. The 1 experimental setup and measurements are given in Section 3. Section 4 discusses and 2 analyzes the experimental results. Section 5 concludes the paper. 
Stereo Processing

4
The system consists of pre-calibrated binocular stereo camera operating in the 5 visible spectrum and software. Algorithms have been developed in order to register 3-D 6 depth information for the stereoscopic images and estimate some reposition values from 7 them. A user graphical interface is developed as a practical tool to select the desired 8 points and to display the results.
9
The stereo processing is implemented by three main steps [14] : iii. By applying the camera geometry, specify the 3-D position of the points relative to 13 the camera. 
Image Acquisition
15
The image acquisition, defined as retrieving an image from a hardware-based source 16 such as camera, is always the first step in the image processing. The pre-calibrated 17 binocular camera (BumbleBee2 -Point Grey Research, Inc.) is used which is aligned in 18 parallel (with a fixed position) with the baseline of 120 mm and 1032 × 776 maximum 19 pixels. It has a 6-pin IEEE-1394a OHCI PCI Host Adapter for camera control and video 20 data transmission. In order to process the acquired images, a specialized software is 21 developed using Birchfield and Tomasi's pixel by pixel stereo matching algorithm [15] . 
10
The images captured from the two horizontally displaced camera positions produce 11 different perspectives of the same scene, which helps in calculating the difference in 12 relative displacement of the objects in the scene. This relative displacement is referred 13 to as disparity [16] . The computation of the disparity map as shown in Figure 2a 
17
The approach is led by following processes: In this study, the 3-D depth information about the object is constructed via the stereo 8 triangulation principle which is based on the difference of an object's location in two 
12
The triangulation formulation is based on the similarity between the triangles as 13 seen from (2), for which all the ratios 
The baseline B is defined as the distance between the two camera centers. The focal 4 length f is predefined by the employed camera. The accuracy of the system increases 5 with increasing the baseline ( B ) due to the limitations on the camera resolution for a 6 fixed distance [17] . Figure 3b shows the relationship between the distance and the 7 disparity.
8
After Z is determined, X and Y can be calculated using the usual projective camera 9 by the (4) and (5): 
Experimental Setup and Measurements
19
This part, first, explains the preparation of the dental plaster model and continues
20
with the image rotation, segmentation and ends with the distance calculation. shows the articulator (SAM 3 made by SAM Präzisionstechnik GmbH) used in this 8 study that has similar functionality to caliper and is utilized to calculate the movement 1 by transferring the position of the patient's jaw, teeth and the face in a 3-D space. will be compared to the conventional dental plaster models to prove the new concept.
7
As shown in Figure 5a , first of all, the patients` lower and upper jaw plaster models In order to compute a rotation by using matrices, the point ( , xy ) in two dimensions,
9
(orientation from positive x to y ) is written as a vector and then multiplied by a 10 rotation matrix from the angle  (theta) (6) and (7):
13 where ( , xy  ) are the coordinates of the point after the rotation. The formulation for x 14 and y can be seen in (8) and (9) image due to the manual selection of these points in the image which has a low 5 resolution due to zoom effect.
6
First of all, to eliminate these errors and to identify these points accurately, the be formulated in the following (10) - (12):
The next section will provide experimental and statistical results.
Experimental Results and Analysis
1
The application does not regard solely the scanning of plaster models, but also for 2 the real time navigation of the patient. The purpose of using plaster models in this study 3 is to verify the effectiveness of the proposed method. Thus once it is verified, the model 4 will also be used in applications like human body. In this study, the stereo camera is 5 used to take "one single shot" (one stereo pair) of part of teeth and to convert it to 3-D 6 image. As the image from this viewpoint provides sufficient information to make the 7 necessary measurements to locate the teeth, a fully 3-D reconstruction process is not 8 needed.
In addition, quality inspection process is sufficient to measure and locate the 9 teeth from a partly constructed 3-D image.
10
To calculate the approximation error along the (X, Y, Z) coordinates in millimeters 
15
The coordinate changes of the selected points and the error rates for X, Y and Z axes 16 are given in Table 1, Table 2 and Table 3, Table 5 . As observed from Table 4 and Table 5 ; all alpha values are greater than 0. used to reduce measurements error as an alternative method in the orthognathic surgery.
10
As a future study, 3-D printed and coordinate measurement machine (CMM) models 11 would be applied to verify the correctness and efficiency of the proposed method.
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